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ABSTRACT

Delegation and the Ratchet Effect:
Should Regulators Be Pro-Industry?*

Delegation to independent bodies whose preference can be different from
those of the government has been shown to have beneficial commitment
benefits in areas as widely diverse as monetary policy and trade. This paper
addresses the case for delegation in the context of a cost-reimbursement
procurement problem. Our solution combines several features of the modern
regulatory environment: government commitment to a particular regulator, the
provision of independence to that regulator, and heterogeneity across
regulators available. We find that delegation to an independent industry
regulator, whose preferences are more pro-rent than those of the government,
can raise welfare by mitigating the ratchet effect.
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NON-TECHNICAL SUMMARY

The view that some public authorities should be taken out of the day-to-day
democratic process and made ‘independent’ is now widely accepted. Perhaps
the area of policy-making where the idea has had the greatest effect is that of
monetary policy with the acceptance and adoption of independent central
banks. The academic literature on credibility and delegation has undoubtedly
been influential in bringing about this new consensus. Delegation has also
been shown to have beneficial commitment effects in areas as widely diverse
as international trade policy, firm-level R&D and tax auditing.

This paper concerns industry regulation, and as in all the other areas
mentioned, regulators face a commitment problem. In particular, in a long-
term dynamic relationship with symmetric information, where they are unable
to commit to a long-run contract, the familiar ‘ratchet effect’ emerges. Here, if
early contracts reveal information about the regulated firm, later ones can set
tougher performance standards. As a result, efficient firms are unwilling to
reveal their types and the regulator must induce them to do so by offering an
increase in information rent which reduces social welfare.

This paper offers a new solution to the problem of the ratchet effect. In
particular, we are interested to know whether delegation to an industry
regulator whose preferences differ from those of the government can partially
substitute for full inter-temporal commitment and, therefore, raise welfare by
mitigating the ratchet effect. This solution combines several features of the
modern regulatory environment: government commitment to a particular
regulator, the provision of independence to that regulator, and heterogeneity
across regulators available.

We consider the simplest regulatory problem: the regulator wishes to realize a
number of projects yielding a fixed gross surplus. There are two types of firms
- low and high efficiency types - but the regulator does not know which type
she is dealing with. This is a classic principal-agent asymmetric information
problem. The regulator designs an incentive scheme consisting of two cost-
reimbursement contracts linking payments to the firms with observable costs.

In two-period contracts the best outcome can be achieved if some
commitment mechanism is in place that prevents the regulator from re-
optimising after one period, on the basis of information revealed about the
firm. We assume such a mechanism is not in place, but the government can
delegate the choice of mechanism to an independent regulator. As with
Rogoff-delegation in monetary policy, the point of such delegation is that the
regulator (or regulatory committee) can be chosen to have different
preferences in relation to the firm's rent from those of the government.



We find that such delegation can indeed have the desired effect: by delegating
to an independent regulator who is more pro-industry than itself, the
government can lower the first-period rent for the efficient firm and raise
first-period welfare sufficiently to offset the second-period costs from higher
rent. We also find a second benefit from such delegation: in some
circumstances, a sufficiently pro-industry regulator is able to induce a
separating equilibrium, which allows firms’ cost-reducing efforts to converge
towards their first-best levels, thus again raising inter-temporal welfare. A
strong example of this arises when the discount factor is high. Here, the
regulator's willingness to allow future rent removes the inefficient firm’s
incentives to mimic its efficient counterpart and, hence, encourages earlier
separation. Both of these results provide new justifications for the widespread
use of independent regulators in a variety of countries.

As well as the benefits of independent pro-industry regulators, we also
recognise that delegation may prove costly. We show that an excessively
pro-industry regulator reduces welfare and we discuss how our model could
be used to consider the costs associated with possible capture.

Our paper suggests that the choice of regulator matters when a government is
delegating regulatory authority, and when the costs and benefits of regulatory
independence are being assessed. The analysis points to an interesting
agenda for research to enhance our understanding of the potentially important
role played by this choice.



1 Introduction

The view that some public authorities should be taken out of the day-to-day demo-
cratic process and made ‘independent’ is now widely accepted. Perhaps the area of
policy-making where the idea has had the greatest effect is that of monetary policy
with the acceptance and adoption of independent central banks. The academic lit-
erature on credibility and delegation which followed seminal papers by Kydland and
Prescott (1977), Barro and Gordon (1983) and Rogoff (1985), has undoubtedly been
influential in bringing about this new consensus. Delegation has also been shown to
have beneficial commitment effects in areas as widely diverse as international trade
policy (Collie, 1997), firm-level R&D (Zhang and Zhang, 1997) and tax auditing
(Melumad, Mookherjee and Reichelstein, 1988).!

This paper concerns industry regulation, and as in all the other areas mentioned,
regulators face a commitment problem. In particular, in a long-term dynamic re-
lationship with asymmetric information, where they are unable to commit to a
long-run contract, the familiar ‘ratchet effect’ emerges. Here, if early contracts re-
veal information about the regulated firm, later ones can set tougher performance
standards. As a result, efficient firms are unwilling to reveal their types and the reg-
ulator must induce them to do so by offering an increase in information rent. This
can prove harmful to the economy depending, for example, on the weight placed on
rent savings into the future (Brown, Miller and Thornton, 1994), and on the degree
of coordination costs faced by the regulator (Litwack, 1993).2

A number of authors have considered how to limit this ratchet effect of regula-
tion.> Thus, Dalen (1995) shows that contractible investment can increase the initial
separation between firms, thereby lowering the efficient type’s information rent and
reducing the ratchet effect. In another paper, Dalen (1997) shows that unverifiable

quality leads the regulator to offer low-powered incentive contracts which, by low-

!Some authors, such as Melumad, Mookherjee and Reichelstein (1997), stress other benefits
from delegation, including ‘on-the-ground’ sensitivity to new information. Others, however, also
recognise limits to delegation’s benefits. Armstrong (1994), for example, notes that trustworthiness
is crucial and Jensen (1997) finds that the delegation of monetary policy to independent central
banks needs ‘reappointment costs’ in order to generate credibility. Currie, Levine and Pearlman

(1996) find that such delegation can be counterproductive in an open-economy context.

2As an example of the economic costs of the ratchet effect, Litwack (1993) argues that, when
combined with coordination costs, the ratchet effect may have damaged Soviet productivity since
1945.

3For examples from non-regulatory settings, see Ickes and Samuelson (1987) (internal labour
markets) and Dillen and Lundholm (1996) (optimal income tax) and Yao (1988) (environmental
standard setting).



ering information rents, also mitigate the ratchet effect. As an alternative, Konrad
and Torsvik (1997) note that term limits on regulators may dampen the ratchet
effect, preventing gains from the information revealed by early contracts.

In this paper, we examine a different solution to the problem of the ratchet ef-
fect. In particular, we are interested to know whether delegation to an independent
industry regulator whose preferences differ from those of the government can par-
tially substitute for full intertemporal commitment and, therefore, raise welfare by
mitigating the ratchet effect. This solution combines several features of the mod-
ern regulatory environment: government commitment to a particular regulator, the
provision of independence to that regulator, and heterogeneity across regulators
available. Taking commitment first, it is apparent that the process of appointing
regulators involves a degree of commitment by the government. Regulators are
appointed for a specific (say, five year) period and these terms are contractually
agreed. This means that a variety of regulatory decisions upon which governments
may be able to commit over time are handled by the same regulator. Accordingly,
even though the regulator may also face a commitment problem, his/her ‘regulatory
style’ can be expected to maintain across such decisions.

It is also the case that case that regulators typically enjoy independence from
government, and wide powers of discretion. For example, in the British context,
Armstrong, Cowan and Vickers (1994, p. 360) describe discretion and independence
as a “notable feature of the new regulatory institutions” introduced in the last two
decades. In common with much of the above literature, they believe that this has
generated short-term gains by freeing the industries involved from (some) politi-
cal interference (see also Carsberg, 1995)—a view shared by Stelzer (1996) in the
American context. However they also note that the resulting long-term effects are
an open question. At the same time, a variety of regulatory preferences is clearly
on offer to a government /planner when deciding to whom such independence should
be granted. For example, Stelzer (1996, p. 201), argues that regulators’ “biases”
are an important input into the regulatory process, while Carsberg (1995, p. 132)
explicitly recognises that other regulators may have “taken a different line” to his
during his time as OFTEL Director General. Bearing these points in mind, our
paper adds to the literature on independent regulation, by considering the extent to
which the choice of regulator matters.

We consider the simplest regulatory problem studied in Laffont and Tirole (1993),

4Stelzer suggests that, by relying on regulation by committee, the US system removes some
of this “personality effect”. However, it need not prevent regulatory decisions from reflecting

particular preferences: in the context of monetary policy, see Rogoff (1985).



henceforth referred to as LT. The regulator wishes to realize a number of projects
yielding a fixed gross surplus. There are two types of firms - low and high efficiency
types - but the regulator does not know which type she is dealing with. This is a
classic principal-agent asymmetric information problem. The regulator designs an
incentive scheme consisting of two cost-reimbursement contracts linking payments
to the firms with observable costs. In two-period contracts the best outcome can
be achieved if some commitment mechanism is in place that prevents the regulator
from re-optimising after one period, on the basis of revealed information about the
firm. We assume such a mechanism is not in place, but the government can delegate
the choice of incentive scheme to an independent regulator who holds office at least
for the duration of the two-period contract. As with Rogoff-delegation in monetary
policy, the point of such delegation is that the regulator (or regulatory committee)
can be chosen to have different preferences in relation to the firm’s rent from those of
the government. We examine whether, and in what circumstances, a careful choice
of regulator type can provide a better outcome than leaving regulation in the hands
of a representative regulator with the same preferences as the government.

The rest of the paper is organised as follows. Section 2 describes the model and
sets out the complete information solution. Section 3 solves for a two-period, two-
type delegation equilibrium under asymmetric information, in which the regulator’s
preferences differ from those of the appointing government. Section 4 presents the

welfare analysis using simulations and section 5 concludes the paper.

2 The Model

The Set-up
We begin by setting out the basic elements of the delegation game. There are two

periods. Costs are observed by the regulator and given by
Cr=0—ey; t=1,2 (1)

where e is effort, and 3 is an efficiency parameter. Neither effort nor efficiency are
observed so the regulator faces both an adverse selection and moral hazard problem.
The efficiency parameter (3 takes two values, § and 3, which the regulator believes

with probabilities v; and 1 — v; respectively at the beginning of period t.



Single-period payoffs for the firm and regulator are

U = ri—vY(e); Y, ¢" >0 for e, >0, 1(e;) =0 otherwise (2)
W, = S—(Cr+r)+alU,—¢(Co+r1y); ¢, 6" >0

= S—(B—e+ve)+U)+alU,— o8 — e+ (er) + Up)

= W(U,es; 8, ) (3)

say. In (2), ¢(e;) is the disutility of effort. In (3), S is the gross fixed surplus of the
project, r; is a cost-contingent reward paid by the regulator to the agent in addition
to the cost Cy and ¢(.) is the disutility from tax distortions arising from the tax
burden C;+r;. In equation (3) S — (Cy+1;) — ¢(Cy+1y) is the consumer surplus and
the weight « is the weight placed on the firm’s profit by the regulator. A utilitarian
regulator would have e = 1, but in this paper we examine the effect of delegating to
a regulator chosen to have different preferences. Suppose that the government has
preferences defined by a = a; < 1 where oy < 1 would apply to a more egalitarian
government. Then a choice a > «y signifies a ‘pro-industry’ (pro-rent) regulator
type whilst o < «, signifies an ‘anti-industry’ regulator type.’

Our treatment of tax distortions is an important distinctive feature of our set-
up. Suppose the public sector consists of services provided by n projects of the type
considered here, each costing 7" to the taxpayer. Then the total disutility from tax
distortions is a function of nT, f(nT) say. Most taxes involve deadweight losses
which the public finance literature suggests to be quadratic in the tax rate (see, for
example, Stiglitz, 1988). The cost per project, ¢ = f(nT)/n, should therefore also
be quadratic. Assuming a general quadratic form we then write

O(T) = AT + uT”® (4)

This general formulation of the set-up encompasses L'T as a special case where @ = 1
and p = 0.

Complete Information Contracts

In each period t, the regulator designs contracts (r,, C,), and (7, C;) for low and high
cost types respectively, corresponding to levels of effort ¢, = 3 —C; and &; = B3-C,,
and rents U, = r,—(e,) and U; = 7, —1(€;) respectively. In a multi-period contract
with complete information there is no learning and therefore no source of dynamics.
The multi-period problem then reduces to repetitions of the static single-period one.

We therefore drop the time subscript in what immediately follows.

See Aghion and Tirole (1997) for a formal justification of this approach to modelling delegation.



The regulator’s problem can be regarded as choosing any two from four variables:
transfers, costs, rents and levels of effort for the two contracts, although the actual
choice variable is the transfer conditional on costs. Throughout this paper we find
it convenient to formulate the problem in terms of choosing rent and effort. Under

complete information, the regulator’s problem in each period is then:

For each type of firm (3, choose U and e to maximize W (U, e; 3, a)
where the social welfare is given by equation (3), subject to the individ-
ual rationality constraint U > 0.

For general functional forms for ¢(.) and ¢(.), the solution to this program is

given by e = e* and U = max(0, U*) where e* and U* are solutions to
Pi(e) =1 (5)
and
F(B—e +4(e)+U) =a—1 (6)

Equation (5) equates the marginal disutility of effort with its marginal social prod-
uct. Equation (6), which is only relevant if the rationality constraint does not bind,
equates the marginal disutility from taxes with the marginal utility of rent.

For the rest of this paper we choose functional forms given by equation (4) and

0(e) = g max(e, O @

which sets the disutility from negative effort at zero. Then equations (5) and (6)
give

et = 1 (8)

U~ (g - Ao LA n@8 =) o)

2
The social welfare function now takes the form
W (U e;8,a) = S—1+N(B—-e+e/2)— (1+)—a)l;
(B — e +ef/2+Uy)° (10)
The first-best is then achieved under complete information with a representative

regulator of type a;. Then U = max(0,U*) = 0 for both types and the ex ante

expected intertemporal social welfare over two periods is given by

QFE = (1 +6) ;W (0, e’ B, ) + (1 — v) W0, e*: B, )] (11)



Now suppose that the government delegates to a regulator of type o > ;. Then
for oo < a where o = 1+ X\ + p(28 — 1), the rents for both types of firm are still
zero, but for a € o, @] where @ = o + 2u(B — ), the efficient type alone receives
positive rent up to a maximum U — U = AB where A = 3 — (. In this range
the regulator will allow rents only for the efficient firm because the lower costs are
sufficient to partly offset the cost of financing the rent. As long as > 0, this rent
is determinate. For a > @ the regulator is sufficiently pro-rent to allow both types
of firm to receive positive rent with U — U = AJ. Figure 1 illustrates these results

which are summarised as

Proposition 1
For sufficiently pro-industry regulators, under complete information effi-

cient firms receive more rent up to a maximum differential of magnitude
U-U=AB.

FIGURE 1 HERE

3 Two-Period Contracts under Asymmetric In-

formation

This section sets out and solves a two-period, two-type delegation game with the
basic structure described in section 2. Asymmetric information in the form of both
an adverse selection and moral hazard problem introduces dynamics through the
process of learning about the firm’s type. The regulator’s optimization problem and
the firms’ individual rationality constraints are now intertemporal and we assume
that these are expressed in terms of a common discount factor given by . The
ratchet effect can be avoided if the regulator can commit to a two-period contract,
but we rule out this possibility. The government however is committed to a partic-
ular regulator over this interval. The sequence of events for the delegation game is
given by:

1. The government has preferences as for the regulator but with rent carrying a
weight a; (reflecting social welfare) and delegates to a regulator of type « # «y for
the two periods. In the absence of delegation, the regulator is ‘representative’ and
adopts a weight a = as.

2. The firm knows her type 3; the regulator has the prior v;.



3. The regulator offers the first-period contract which the firm accepts/rejects.

4. First-period effort e; is applied, the cost C; is realised and observed by
regulator.

5. The regulator updates her prior v; to v,.

6. The regulator offers a second-period contract which the firm accepts/rejects.
The appropriate equilibrium concept for this game is a Perfect Bayesian Equilib-
rium (PBE) which imposes three requirements: first, at each information set the
player with the move must have a belief regarding which node has been reached.
Second, given their beliefs at each information set the current move and subsequent
strategies must be optimal given the beliefs and subsequent strategies of the other
players. Third, beliefs are determined by Bayes’ Rule and the players’ equilibrium
strategies. We solve for this equilibrium by backward induction beginning with:
The Second-Period Contract
The regulator designs contracts (r,,C,), and (7o, C) for low and high cost types
respectively, given the (updated) probability v, that the firm is efficient. This corre-
sponds to efforts e, = §— C, and & = 3 — C,. Suppose that the efficient (low cost)
type mimics the inefficient type by producing at the observable high cost C. It can
do this by exerting effort e, — A3 = &,, say,® where we recall that A3 = B—ﬁ is the
efficiency gap between the two types. (Note that mimicking effort by the efficient
firm can be negative). Similarly the inefficient type can mimic the efficient type by
exerting effort e, + A3 = &,. The incentive compatibility constraints for each type

of firm to prefer the contract designed for itself are then

ICy : Ty — Y(€2) > 1y — (%) (12)

IO, i1y —Y(er) > T2 — (&) (13)
The individual rationality constraints are:

IR, : Ty — Y(€2) > 0 (14)

IR, i1y —1(ey) >0 (15)

Note that IC, + IRy, = IR, so we can ignore the latter. As in LT we also ignore
IC, for now and we can confirm later that the solution in fact does satisfy this

constraint.

6Throughout the paper we adopt the following notation: Z is some outcome for the efficient
firm who mimics the inefficient firm and T is the corresponding outcome for the inefficient firm
who mimics the efficient firm.



As for the complete information case, it is convenient to formulate the problem
in terms of the choice of rent and effort levels bearing in mind that contracts are
designed as transfers, contingent on observed costs. Then the relevant constraints

can be expressed in the form:

IC,: Uy > Uy + (@) — ¢(&) = Us + D(er) (16)

mg . UQ Z 0 (17)

where we have denoted informational rents by ®(€3) = 1(€2) — 1(é,). The regula-
tor’s problem, to be carried out at each information set characterised by the state

variable vy, is now:

Choose (Us,2,) and (U,,e,) to maximize the expected welfare
E[W3(vg)] = Q1 = v,W (Uy, e9; 8, ) + (1 — Vo)W (U, &; B, ) (18)

subject to IC, and IR,.

If o < o then the regulator’s welfare is decreasing in rent and the constraints /C',
and IR, must bind. But a sufficiently pro-rent regulator will always be willing to of-
fer the unconstrained optimal rents max [0, (o — a)/(2u)] and max [0, (o — @) /(2p)]
for the efficient and inefficient firms respectively and the constraints may cease to
bind. We return to this point later in this section when we characterise completely
one possible equilibrium.

If the regulator reserves the option to forego the project in the event that the
firm reveals itself as inefficient, then it may offer only one contract designed for
the efficient type. This will imply rent max [0, U*(c, §)] and effort ¢*, and yield an

expected welfare
Qy = W (U (o, §),€%; 3, ) (19)

The expected welfare in the final period is then max (£, ).

The First-Period Contract

In the first period, in general we must consider equilibria in which the efficient firm
may mimic the inefficient and vice versa. Suppose that the efficient firm chooses
the low cost contract with probability x and the high cost contract with probability

1-x. Similarly suppose that the inefficient firm chooses the high cost contract with



probability y and the low cost contract with probability 1-y. Then we have three
possible types of equilibrium:

Type I: IC, and IR, bind and the efficient firm may mimic the inefficient firm
with probability x.

Type II: IC, and IR, bind and the inefficient firm may mimic the efficient firm
with probability y.

Type III: IC,, IC, and IR, bind and both firms may mimic the other.

LT show that type II cannot be optimal for the regulator for the case where a =1
and g = 0. In our simulations we can confirm that this still holds for our more
general case where o # 1 and p > 0. In view of these results we concentrate on

equilibria of types I and III.
FIGURE 2 HERE

Consider first a type III equilibrium. The extensive form of the game is shown
in figure 2.7 At information set A (B) a low (high) cost contract has been chosen by
the firm in period one. Given these mixed strategies, the probabilities of arriving at
A and B are:

Pr(A) =viz+ (1 —v)(1 —y) (20)
and

Pr(B) =vi(1—2z)+ (1 —v)y (21)
respectively. Then by Bayes’ Rule we have

va(A) = Pr(firm is efficient | low cost contract has been accepted)
ma
= 22
Pr(A) (22)

and

va(B) = Pr(firm is efficient | high cost contract has been accepted)
v1(1 — )

Pr(B) (23)

"In accordance with our general notation, W, = W (U,, e;; B, a) is the first-period social welfare
resulting from the efficient firm choosing the contract designed for itself and W, = W (U, &,; B, a)
is the corresponding welfare when it mimics the inefficient firm. W, =W(U,,e;8,a) and Wl =
W (Ui, e1;8,a) are similarly defined.



Let the rent obtained by the efficient firm when it mimics the inefficient firm be

given by

Uy =T +9(@) —¥(&) (24)

where we recall that ¢, =€, — Af. Similarly let the rent obtained by the inefficient

firm when it mimics the efficient firm be given by
Ui =U; +9(er) — (@) (25)

where €, = e; + AB. Then the first-period incentive compatibility and individual

rationality constraints are given by:

IC, : U, + 6U,(v5(A)) > Uy + 0U, (va(B)) (26)
IC, : U, + 6U5(vs(B)) > Uy + 605 (vs(A)) (27)
IR, : U, + 6Uy(v2(A)) >0 (28)
IR, : U, +6Uy(v2(B)) >0 (29)

It is clear that IC, +1IR, = IR, so that, as for the second-period contract, we can
ignore the latter.

The optimization problem for the regulator of type « is now:

Choose (U;,e;) and (U,,¢,) to maximize

E(W; + W) = ui[aW (U, e; 08, a)]+ (1 - fU)W(Qu%;QiOé)]
+(1 =) [yW (U, e; 8, 0)] + (L= y)W (Uy, e, + AB; B, )]
+IE (W) (30)

where
E(Wy) =Pr(A)E(W, | A) + Pr(B)E(W, | B) (31)

subject to IC,, IC, and IR,.

This completes the formulation of a type III equilibrium. The computation of

a type I equilibrium now follows by dropping the constraint I7C, putting y=1 and

10



noting that information set A now becomes a singleton in figure 2, ie, vo(A4) = 1.
Solution for a Type I Separating Equilibrium
This sub-section completely characterises a type I separating equilibrium (ie with
x=1) and produces some analytical results. Of course equilibria are endogenously
determined by the incentive scheme which the regulator chooses to maximize its
welfare function. However it is instructive to focus on the simplest equilibrium and
we do examine later by simulations the parameter values for which it is relevant.
In fact for all parameter values examined we find in section 4 below that all type
I equilibria are separating, though for some parameter values the regulator may
design contracts that result in type III equilibria.

In a type I separating equilibrium vy(A) = 1 and vy(B) = 0 and the second-
period problem for the regulator is the complete information program set out in

section 2. To recap, for our chosen functional forms we have:

e, =6 =¢" =1 (32)
U, = max[0, (o — a)/(2p)] (33)
U, = max(0, (o — @)/ (2p)] (34)

In the first period, the IC and IR constraints are now

IC, U, +0Uy(1) > Q1 +6U,(0) (35)

IR, : U, +6U»(0) >0 (36)

In equations (35) and (35), Uy(1) and Us,(0) are the second-period rents the
efficient and inefficient firms respectively receive when they reveal their types; ie
U,(1) = U, given by equation (33) and U(0) = U, given by equation (34). U,(0)
is the second-period rent the efficient firm receives when it mimics the inefficient
type in the first period (although this never happens in a separating equilibrium);
ie Uy(0) = Us + 9(72) — ¢(23) = Uz + ®(€3). Similarly from (24) U, = U, + ®(@y).

We can therefore write constraint IC; as
IC, :U, > U, + @) +6(P(e") + Uz — Uy) (37)

The second discounted term in (37) is the familiar ratchet rent.

11



We also know that U, > (a—a)/(2u), the unconstrained optimal rent. It follows
that for o sufficiently high, IC, does not bind and then

U, = (a—a)/(2p) (38)
For a > @, IR, does not bind either and then
Ui =(a—a)/(2p) (39)

The solution of a type I separating equilibrium is completed by choosing (U, ;)
and (U, ;) to maximize v;W (U, ¢;; 8, ) + (1 — v))W (U1, B, a) subject to IC,
and TR;. The solution to this program is:

e, =¢" =1 (40)
Uy =max[0, (o — @)/(2p)] (41)
U, = max[U; + ®(e1) + 0(2(e") + Uz — Uy), (o — )/ (211)] (42)

v ®'(E)(a—a—2uU,)+ (1 —v)(l—e)[1+X+2u(B -2 +¢(E)+U)] =0
(43)
if IC, binds, otherwise &, = e* = 1. From (42), the first term in (43) is negative.
It follows from (43) that & < 1; ie, the first-period effort of the inefficient firm is
always below the first-best until a reaches a point where IC'; ceases to bind.

The equilibrium is illustrated in figure 3. This shows iso-transfer curves for the
two types of firm in rent-effort space. As described earlier, the complete informa-
tion equilibrium would involve e, =€, = 1, with the level of rent depending on the
regulator’s preferences. (In the figure, a < o is assumed, so that U, = U, = 0; the
complete information equilibrium is at point A.) Incomplete information allows the
efficient firm to mimic the inefficient one by putting in less effort (¢;). Absent any
dynamic considerations, the regulator counters this by reducing e; and 7;, which
in turn lowers &, and r, and, therefore, U,: the equilibrium would be at B and
D (given o < ). However, in type I equilibrium, the efficient firm surrenders in
period 1 its chance to mimic again in period 2. Accordingly, the regulator must
make an additional transfer to buy off this future “information rent”. This ratchet
effect moves the equilibrium to B and E and the ratchet rent is DE.®

8We can also use figure 3 to illustrate the circumstances in which a type III equilibrium emerges.
Recall that this involves the § firm mimicking the B firm by providing effort € = e, +AB. Clearly,
when € is to the right of point F we have a type I equilibrium, while €; to the left of point F yields
a type III equilibrium. Hence, the larger is the extra rent due to the ratchet effect, the greater the
prospects of a type III equilibrium.
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FIGURE 3 HERE

Now consider the effects of raising «, the extent to which the regulator is pro-
industry. For social welfare, as we have just seen, the key variables are €;, the
ratchet rent and U,. We consider these in turn.

Solving (43) we can calculate the effect of delegation on the effort of the ineffi-
cient firm in the first period, & = €;(«). Differentiation of (43) and some algebraic
manipulation then leads to the following proposition (which also summarises the
discussion after (43)). Proofs of this and the subsequent proposition are given in

Appendix B.

Proposition 2
Consider any o below the value for which /C, ceases to bind. Then in
a type I separating equilibrium the first-period effort of the inefficient

firm, €,(«), is below the social optimum and increases with a.

The intuition behind proposition 2 is that given IC';, the more pro-industry, pro-
rent regulator will make a choice of €; that gives the efficient firm more first-period
information rent ®(€;) even though the overall rent U, may fall, as we shall see.
High information rent for the efficient firm implies high effort by the inefficient firm.

Now consider the ratchet rent §(®(e*) +U, —U,), the last term in (37). Suppose
that a representative regulator has a weight on the firm’s profit a; < «; for instance
in the set-up of LT, o = 1 < a. Then U, = U, = 0 and the ratchet rent is 6®(e*).
By contrast if the regulator is sufficiently pro-industry, we know from proposition 1
that Uy — U, can be as low as —Af with the ratchet rent falling to §(®(e*) — AJ).
This shows that in a type I separating equilibrium, the ratchet rent is reduced by
delegation to a sufficiently pro-industry requlator.

Finally consider the total first-period rent U,. Consider the range of regulator
types v < o where we recall that o = 1+ A+ (26 —1) and @ = a+2u(6— §). Then
U, = Uy = 0, the ratchet rent is unaffected by «, and from (37) % = ®'(e;) %L > 0,
from proposition 2. Hence U,(«) increases with «. Next consider the range of

U
& — L Suppose we narrow the

regulator types a € [a,@]. Then from (33), 2 = 5.
range in o € [a, @] to that for which IC| binds. Then differentiating (36) with the
equality, we have
dU,
da

e 6
= (@) (44)
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From proposition 2, the first term in (44) is positive. Furthermore in the proof of
proposition 2 in Appendix B this first term is shown to increase with the discount
rate 9. However it is also shown in Appendix B that the second term dominates as
0 increases. Hence there is a lower bound ¢ such that if 6 > ¢ and IC', binds then
U, («) decreases with «. Appendix B derives the following conservative lower bound
9:
2uv1 (AB)? 2y

(1—v)(T+XN) (1—=v)(1+N)
For « sufficiently large IC, ceases to bind and U, = (o — «)/(2u). Then U, ()

starts to increase with a. These results are summarised in the proposition:

(45)

0 = max

Proposition 3

Consider a type I separating equilibrium and delegation to a pro-industry
regulator of type a > «;. Then if a < a, the ratchet rent is unaffected
and the total first-period rent to the efficient firm, U,(«), increases with
a. For « € [a, @], in the range for which IC, binds, the ratchet rent de-
creases and providing that the discount factor is sufficiently high, U, («),
decreases with a. As « rises above this range, IC, ceases to bind, and

U, (o) once more increases with «
FIGURE 4 HERE

Figure 4 illustrates the effects of increasing o within [a, @] for § > § with IC,
binding. From proposition 2, €; increases to €', the iso-transfer curve shifts outwards
and the equilibrium for the inefficient firm in the first period shifts from B to B’.
In the absence of the second period, the information rent would increase by DD’,
the first term in (44). However the ratchet rent decreases from DE to D'E’, the
difference being the second term in (44). Since 6 > ¢ the second of these effects
dominates, the iso-transfer curve for the efficient firm shifts inwards and the overall
first-period rent for the efficient firm U, falls.

Taken together propositions 2 and 3 show that providing the discount factor is
sufficiently high, there exists a range « € [, @] for which the first-period effort of
the inefficient firm rises from a level below its social optimum and the total first-
period rent of the efficient firm falls. Thus the first-period social welfare calculated
using the true weight o must rise in this interval. However in the interval a < a
delegation does not provide any incentive for the efficient firm to reveal itself and

social welfare will fall.
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In this section we have established that delegation to a sufficiently pro-industry
regulator can raise first period social welfare. However it also implies a commit-
ment to raising the efficient firm’s rent in the second period and therefore a welfare
loss for that period. If the former effect outweighs the latter then delegation to a
pro-industry regulator of some type within o € [a, @] will raise intertemporal social

welfare. We demonstrate this possibility in the next section using simulations.

4  Welfare Analysis

This section studies the total intertemporal welfare effects of delegation to a pro-
industry regulator. The degree to which the regulator is pro-industry is captured
by the parameter « in her single-period welfare function equation (3). Consider the
range of regulator types a € [a,@] where we recall that o = 1 + X + p(28 — 1)
and @ = a + 2u(8 — ). From section 2 we have seen that for a within this
range, under complete information only the efficient firm receives rent given by
U* = (a—a)/(2n). In a type I separating equilibrium it follows that in the second
period we have U, = U* and Uy = 0. As we have also seen, effort is at its efficient
levels for both types of firm. In the first period ¢, = ¢* = 1, U, = 0, &, is given by
equation (43) and from (42) we then have that

U = max[®(ey) +0(®(e") — U7), (o — a)/(2p)] (46)

The intertemporal expected social welfare under delegation is calculated from

the welfare function of the government (with weight « = oy < 1 < @) and is given
by

Qa) = viW(U,(a),e; B, a5) + (1 —v)W(0,&(a); 5, )
+3[o W (U, €5 B, a) + (1 — 0) W (0, €5 3, )] (47)

Without delegation the regulator has the same preferences as the government
and assigns the true weight «; to rent when designing the incentive scheme. Then

the intertemporal welfare becomes

Q(a'a’) = UIW(QI(O‘S)a 6*;§7 a'a’) + (1 - UI)W(Oaél(a5)§Ba O‘S)
+0[o1W (0, €%; B, as) + (1 — v))W(0,€e%; 5, )] (48)

Delegation to a pro-rent regulator of type « is then welfare-enhancing iff Q(a) >
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Qay); ie, iff
o1 [W(Uy (@), €% B, a5) = W(U, (), €"; B, )]
+(1 —v)[W (0,21 (); B, o) — W (0,21 (as); B, )]
> ou [W(0,€e%; B, o) — W(U", €"; 3, ay)] (49)

The left-hand-side of this inequality is the potential first-period welfare gain from
delegation discussed after propositions 2 and 3; the right-hand side is the second-
period welfare loss from delegation discounted at the rate 6. This arises because
delegation implies a commitment to positive rent for the efficient firm after revela-
tion which reduces welfare calculated using a; < 1.

Simulations

We have carried out a large number of simulations for combinations of parameters
as, 3, B, p, A, v1 and § and here we report an interesting selection. Our objectives
in these simulations are twofold: first to demonstrate the possibility that a lowering
of the ratchet effect and an increase in the first-period effort of the inefficient firm,
through delegating to a pro-industry regulator, can lead to sufficient first-period
welfare gains such as to outweigh the discounted second-period welfare loss; second,

to investigate the combinations of parameter values that might enhance this effect.
FIGURES 5a and 5b HERE

First consider a baseline selection of parameter values: o, = 1, § = 1, 3 =1.5,
p=0.25 A =0, 6§ = 0.95 and v; = 0.5. For these parameter values (45) gives
0 = 0.5. Thus § > ¢ and proposition 3 applies. S is assumed to be sufficiently large
to prevent the regulator offering only one contract to the efficient firm on the basis
of its priors. Figure 5a plots the first-period rent of the efficient firm, U,, and the
first-period effort of both types of firm e, and €, against the regulator type a. Figure
5b plots the intertemporal welfare gain from delegation calculated as the absolute
gain [Q(a) — Q(ay)] expressed as a percentage of the welfare gap between the first-
best (realised under complete information and with the weight on rent o = o) and
the welfare without delegation Q(«;). Thus the welfare gain is given by
(2() — o))
(QFF — Qo))
where QF? is given by (11), Q(a)) by (48) and Q(a)) by (47).°

G = x 100 (50)

9The comparison of Q(a) with the first-best welfare outcome Q2

actually underestimates the
value of delegation as a commitment mechanism because optimal contracts with commitment and

incomplete information are still second-best.
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For the baseline parameter values we find that a = 1.25 and @ = 1.5. Then for
a < « the optimal incentive scheme induces a separating type III equilibrium in
which incentive compatibility constraints bind for both types of firm and x=y=1.1°
For a > a we obtain the important result that delegation induces an equilibrium
change: a switch from type III to type I where constraint IC| no longer binds.
It turns out that the optimal contract is now a separating type I with x=1 and
propositions 2 and 3 apply.

The constraint IC'; ceases to bind at a value a = & given by

Ui+ @(E1) + 0(2(E2) + Uz — Us) = (6 — )/ (21) (51)

and U, is then given by (42). This switch occurs at & = 1.45. For a € [o, d], U,
falls and for a > &, U, starts to rise again, all as predicted by proposition 3. In
the type I equilibrium, €; rises as predicted by proposition 2. This provides the po-
tential for welfare gains from delegation. Figure 5b shows that potential is realised
for this particular combination of parameter values. As the weight « increases from
a = a, = 1, delegation leads to a slight welfare loss until « reaches the interval
a € [a,&] when U, starts to fall sharply and the first-period effort of both types
approach the first-best. These changes are sufficient to ensure that the first-period
welfare gain outweighs the second-period loss. The welfare gap is closed by around
15% in these first baseline simulations. Beyond « = @&, the regulator becomes too

pro-industry and intertemporal social welfare drops sharply.
FIGURES 6a and 6b HERE

The trajectories for first-period effort in the region where a type III equilibrium
exists require further explanation. Constraints IC and IC given by (26) and (27)
respectively imply the following relationship between the first-period effort of the
two types of firm:

er =2 — AB+0/(AB)[U,(v2(B)) — Us(ra(A))] (52)

(see A.17 in the Appendix). For baseline parameters we obtain a type III separating
equilibrium (x=y=1). Hence 15(A) = 1 and »,(B) = 0. For @ < « we then have
that U, (1(B)) = Uy(0) = ®(e*) and U, (v2(A)) = Uy(1) = 0. Thus (52) becomes

ey = — AB+6/(AB)[®(e")] (53)

10The calculations of type III equilibria and of type I semi-separating follow the same lines as
the separating equilibrium set out in section 3. Full details of these computations which generalise
those of LT, Appendix 9.9, to the case where a # 1 and p > 0 can be obtained from the authors.
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For baseline parameters this gives e; > €; and the difference is constant throughout
this equilibrium.

Now consider variations about these baseline values. The baseline value for the
discount factor 6 = 0.95 is plausible for a time-period of one year. Suppose that we
interpret the single period as a regulatory review period within which the regulator
cannot change the contract. If this is increased from one to five years then the dis-
count factor in the model decreases to § = 0.95° = 0.77 which is still greater than §.
Figure 6a and 6b show this case. For this lower discount factor the optimal contract
induces only a type I equilibrium which again turns out to be separating. This is as
expected from the analysis of LT, chapter 9. Now delegation only induces a better
type I equilibrium rather than a switch between type III and type I. As predicted by
propositions 2 and 3, & («) increases throughout the range of «; U, first increases
for v < @, decreases in the range [, &| and increases for & > &. The corresponding

welfare gain from delegation is now smaller at around 10%.
FIGURES 7a, 7b and 7c HERE

Next we examine the effect of increasing the discount factor §. Figures 7a to 7c
show results for = 2. High values of 6 > 1 are a simple way of modelling a short-
term followed by a long-term contract without abandoning the two-period set-up
of this paper and of LT. For low values of «, the regulator now designs contracts
that induce a pooling type III equilibrium in which the inefficient firm mimics the
efficient firm with a probability 1-y close to unity and the efficient firm mimics the
inefficient firm with a probability 1-x close to 0. The actual values of x and y are
shown in figure 7b. Now delegation to an increasingly pro-industry regulator has the
effect of gradually inducing separation until, at a value of o well within the interval
« € [a,al, a switch to type I occurs. Because delegation plays the additional role
of inducing separation, the welfare improvement is now rather higher, closing the
welfare gap by over 20%.

The trajectories for the first-period effort in the type III equilibrium are now
rather different from those in figure 5a. Because for « close to unity the type III
equilibrium is close to a pooling type we have that v5(A) & v5(B) and hence from
(52) we now have for low « that e; < €. However as « increases this encourages

the regulator to induce separation and we then revert to e, > €; as before.

FIGURE 8 HERE
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Finally figure 8 returns to baseline values and recalculates the welfare assuming
that the social welfare of the government is measured using o, = 0.4, 0.8, 1.2 instead
of the utilitarian a; = 1. Lower values of a, would apply to egalitarian govern-
ments who would wish to redistribute rent, whilst the higher value would apply to
a government with opposite preferences. Results indicate that very egalitarian gov-
ernments would obtain no benefit from delegation whilst a government that is itself

pro-industry with a, = 1.2 would see its measure of welfare rising by almost 40%.

5 Conclusions

This paper has examined whether delegation to an industry regulator whose pref-
erences differ from those of the government can act as a partial substitute for full
intertemporal commitment by mitigating the ratchet effect. We have found that
this indeed is the case: by delegating to an independent regulator who is more
pro-industry than the itself, the government can reduce the first-period rent of the
efficient firm and raise first-period welfare sufficiently to offset the second-period
costs from higher rents. We also find a second benefit from such delegation: in some
circumstances, a sufficiently pro-industry regulator is able to induce a separating
equilibrium, which allows firms’ cost-reducing efforts to converge towards their first-
best levels, thus again raising intertemporal welfare. A strong example of this arises
when the discount factor is high. Here, the regulator’s willingness to allow future
rent removes the inefficient firm’s incentives to mimic its efficient counterpart and,
hence, encourages earlier separation. Both of these results provide new justifications
for the widespread use of independent regulators in a variety of countries.

Of course, independent pro-industry regulators may prove costly: we have seen,
for example, that an excessively pro-industry stance causes welfare to fall. Costs
may also occur for reasons we have not addressed. In this context, an important
issue is when such regulation may lead to regulatory capture. Typically, capture is
regarded as inefficient to the extent that it wastefully uses resources and may distort
regulatory decisions. However, our model suggests that a fine line may exist between
the benefits of pro-industry regulators and effects of capture itself. Consideration of
this issue would require us to treat explicitly the capture process (and to endogenise
the wasteful expenditures it involves), in a manner similar to Boyer and Laffont’s
(1999) recent treatment of lobbying for environmental regulation.

Other pieces of future research may also generalise the model we have used. We

have deliberately focused on a simple regulatory environment in order to emphasise
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the role of delegation. However, single project procurement, with a two-period
horizon and lump-sum transfers does not necessarily reflect the regulator’s situation.
Amending these assumptions would test the applicability of our results and provide
interesting insights. For instance, introducing multiple units of output and requiring
the regulator to reimburse the firm through price regulation, not transfers, would
endogenise the social cost of this reimbursement.!* An infinite horizon would capture
more explicitly the importance of future considerations (currently captured by the
discount rate alone).

Additional issues could be addressed by considering the role of delegation in
regulating product quality and investment: in both these areas dynamics without
commitment can generate inefficiencies. Hence, Levine (1999) uses a complete infor-
mation model to show that delegation can help correct underinvestment problems
(the extension to incomplete information remains for future research).

Our paper suggests that the choice of regulator matters when a government is
delegating regulatory authority, and when the costs and benefits of regulatory inde-
pendence are being assessed. The above suggestions set out an interesting agenda
for research to enhance our understanding of the potentially important role played

by this choice.
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A Details of Equilibria

This Appendix sets out the details of the equilibria used in the paper. It is essen-
tially a generalisation of LT, section A9.9, to allow for delegation to a pro-industry
regulator with the weight on rent a@ > 1, and for quadratic tax distortions.

The general procedure for computing the equilibria is as follows. First we look
for a type I equilibrium. Assume that the efficient firm chooses the low-cost contract
with probability x which is given, for the moment. Then solve for given x resulting
in a pair of contracts and a social welfare function that are functions of x. The
regulator then chooses a pair of contracts that maximizes the social welfare with
respect to x, which is then endogenously determined by the efficient firm. Having
computed the type I equilibrium we then check that the IC; constraint holds and is
not binding. If this is not the case then we make IC', bind and proceed to calculate

the type III equilibrium. For both types I and III, the second-period solution for a
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given probability v5 is given by:
Second-Period Solution

The problem is to choose (Us, &) and (Us, e,) to maximize

E[Wa(vs)] = aW (Uy, €9 B, @) + (1 — va)W(Us, €; 3, ) (A.1)

subject to
IC, : Uy, > Uy +(ey) — (&) = Uy + O(&2) (A.2)
mg . Ug Z 0 (A3)

where informational rents are given by ®(é;) = ¢(e3) — ¢(&,) and &, = &, — Af.

The social welfare function takes the form

WU e;8,a) = S—=(1+N)(B—e+v(e)) — (1+A—a)Uy
—u(B — e+ (e + Up)? (A.4)

If the value function in (A.1) is less than v,W(max [0, U*(c, )], €*; 8, )] where
U*(a, 3) = (a — a)/(2) then only one contract is offered designed for the efficient
type and the inefficient firm closes.

For sufficiently low « the IC, and TR, constraints will bind, but as « in-
creases first the IC, and then the TR, constraints cease to bind. Then the regula-
tor will offer contracts demanding optimal effort with unconstrained optimal rents
U* (e, B) = (@ —a)/(2p) and U* (e, B) = (. —@)/(2p) for the efficient and inefficient
firm respectively. Thus we have:

Uy = max[(a —@)/(2p), 0]
U, =max|(a—a)/(2n),Uz+ ®(E2)] (A.5)

Now express U, consistent with (A.5) as U, = U,(€2). The problem now is to choose

€5, €9 to maximize
VW (U, (€2), €93 B, ) + (1 — 02)W (Us, &; 3, ) (A.6)
The first order conditions then give:

ey =¢€" (A7)

Voo — a — 2/@2)% + (1 =) (1 — ¢’ (€)[1 + A+ 2u(B — &2 + ¢ (€2) + Usg] = 0
(A.8)
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where % = /(&) if (v — a)/(2pn) < Uy + ®(€3), and % = 0, otherwise. For the
rest of the solution and for our simulations we choose ¥ (e) = 1/2[max (0, €)]>. Then
et =1, ¥'(ey) = ey if & < Af and P'(ey) = AS otherwise. Given vy, equations
(A.8) and (A.5) give solutions & = &;(v;) and Uy = Us(vy) and the social welfare

at nodes A and B:

E(Wy | A) = vy(A)W (Uy(v2(A)), €%, B, ) + (1 — va(A))W (Us, &2(v5(A)), B, )
(A.9)

with an analogous result for F(WW, | B). This completes the second-period opti-
mization problem.

First-Period Solution:Type III

It is convenient to set out the type III equilibrium procedure first. Given x and
y, the optimization problem for the regulator of type « is to choose (U;,€;) and

(U,,€e,) to maximize

E(W, 4+ 0W,) = uiaW(U,,e;6,a)] + (1 - x)W(Ql,él;ﬁla)]
+(1 —v)yW(U,,&; 8, 0)] + (1 =)W (U, e, + AB; B, a)]
+0E(W>) (A.10)

where
E(Wy) =Pr(A)E(W, | A) + Pr(B)E(W, | B) (A.11)

subject to IC,, IC, and IR, given by:

IC, .U, + 5Q2(U2(A)) = Q1 + 5Q2(U2(B)) (A-12)
IC, : Uy + 6Ts(va(B)) = Uy + 6T (va(A)) (A.13)
ml . Ul + 5U2(U2(B)) =0 (A14)
where
U, =T, +4(@) - 9(E), (A.15)
Ui =U, +d(e) — (@) (A.16)

where &, =€ — AfB and &, = ¢, + AB are mimicking levels of first-period effort.
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For type III equilibria both IC constraints must be binding. This will not be the
case for high values of « for which only type I equilibria are possible. (We confirm
this in the simulations). For the rest of the solution we assume that o < @. Then
U, = 0 and the TR; constraint becomes U; > 0 which must bind for contracts to
be optimal.

Constraints /C, and IC, above imply the following relationship between the
first-period effort of the two types of firm:

e = — AJ+0/(AB)Us(v2(B)) — Us(va(A))] (A17)

From (A.15) and (A.16) U, = U, (¢,) and ﬁl = ﬁl(él,gl). Hence using (A.17), the
maximization of (A.10) reduces to a maximization with respect to €; for which the
first-order condition is:
- ow du, N OW dey
Y ou, dey | Be, de
oW dU, oW dé,
- + =
oU, de, ' 9¢€, de,

+ U1(1 —.iI,')

T N AL R T R L

e, U,

8U~1 i 8U~1 %
851 8@1 dél

=0 (A.18)

The solution to the first-period problem, given x and y is then completed by noting
that

au, dU, U,
de, de, O,

— V(7)) (A.19)

where

= A8 if & >Ap (A.20)
8i1 o . dQl _
B —AB; e 1 (A.21)
oW
per = (L— e+ A+ 205 - e+ e; /2 4+ Uy)] (A.22)
ow 2
a0, = (A=) = 2u(B et el/2+ 1) (A.23)
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The intertemporal welfare loss (A.10) can now be calculated using the solutions
above for (Uy,€), (U, ¢e,),t = 1,2 and the Bayesian rules:

nir i (A.24)

va(A) = Pr(A) vz + (1 —v1)(1 —y)

v1(1 — ) _ v1(1 — )
Pr(B) vi(l—xz)+ (1 —v)y

The type III equilibrium is finally obtained by maximizing the intertemporal wel-

vy(B) = (A.25)

fare with respect to x and y using a standard numerical maximization procedure.'?
First-Period Solution:Type I
Given x, the optimization problem for the regulator of type « is to choose (U, e;)

and (U, e,) to maximize

E(Wy+6W,) = vi[aW Uy, e;8,0)]+ (1 —2)W(U,,&; B, o)
+(1 — ) [W(Ur,&1; 3,0)] + AB; B, a)]
LOE(Wy) (A.26)

where
E(W3) =Pr(A)E(W, | A) + Pr(B)E(W, | B) (A.27)

subject to IO, and TR, given by:

IC, U, +0U,(v5(A)) = U, + 6U,(vs(B)) (A.28)
IR, :U, =0 (A.29)

where
U, =T+ (@) — (@), (A.30)

The rest of the solution follows almost as before putting y = 1 so that Pr(A) = vz,
Pr(B) = v1(1 — z) and vy(A) = 1. The only other change arises from the fact
that in the first period the constraint 7C'; may cease to bind for high . Then in a
separating equilibrium with = 1 (A.19) is replaced with

aw, _ d,

= = (e) if  (a—a)/(2p) < U, +6(Us,(va(B)) — Uy(1))

=0 otherwise (A.31)

The type I equilibrium is finally obtained by maximizing the intertemporal welfare

with respect to x using a standard numerical maximization procedure.

12 A1l the numerical calculations were performed using MATLAB.
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B Proof of Propositions 2 and 3

Proposition 2
Differentiating (43) with respect to o and using (44) we obtain

where

@1 = (1 —|—(5)l/1q),(51)
©; = (L-wn)A+A+2u[(1-2)"+C1+7]) - n®" @) (e —a—2ul,)
+ 2u(®' (1))’

We can now show that all the terms defining ©, and O, are positive hence proving
proposition 2. ©; is positive because ®'(€;) > 0. The first term in O, is positive
because total transfers to the inefficient firm, C; +7,, are positive. Since ®(2;) > 0
and ®”(e;) > 0 the second and third terms are non-negative if U, > (o — a)/2pu,
which always holds because (o — a)/(2p) is the unconstrained optimal rent for the
efficient firm.

Proposition 3

For « in the range [a, @] for which IC binds we have from (44) and (B.1) that

dU, (1+0)11(P(71))* 5
do U=+ N + 2 @@ 20 " (B.2)

if (1 —v1)(14+N)d > 2uvi(®(e1))? For the case where &, > Af, the first-period
mimicking effort of the efficient firm is positive and ®'(€;) = AS. For the case where
€, < Af, the first-period mimicking effort of the efficient firm is negative and then
®'(e;) =€, < 1. It follows that a conservative lower bound for which if § > ¢ then

% < 0 is given by

2uv1 (AB)? 2pn
(1—v)(T+XN) (1—=v)(1+N)

(B.3)

0 = max

Hence the proposition is proved and, in addition, we have found an explicit lower
bound for 9.
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Figure 2. Type Ill equilibrium.
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Figure 3. Incomplete information equilibrium.

Figure 4. The effects of a more pro-industry regulator
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